D r a f t 1 D r a f t 2
Abstract
The Oaks Belt (OB) is a Neoarchean volcanic complex located in northwestern Minnesota, USA. It is part of the Wabigoon granite-greenstone terrane that hosts the world-class Rainy River gold deposit in nearby Ontario, Canada. Rocks in the OB form a north-dipping homocline in the fault-bounded pressure shadow of a sigma-shaped volcano-plutonic wedge that spans E-W for 220 km across the Minnesota-Canada border. Exploration drilling in the area delineated pyrrhotite-pyrite massive sulfide deposits, iron formation, chert and semi-massive sphalerite mineralized zones. High-resolution aeromagnetic data indicate a large (~60 km 2 )
composite subvolcanic intrusion underlies these iron-rich strata in the OB. The position of this inferred intrusion elucidates the low base metal content of known massive sulfide deposits, as they were too far away (6-10 km) from a heat source to have been favorable sites for base metal deposition. The relative abundance of Au and Zn in the OB, alongside correlation coefficients between metals in massive sulfide deposits, iron formation, and chert, indicates the rocks were affected by a low-temperature hydrothermal system under relatively shallow water conditions (<1000 meters). Negative correlation between Na 2 O and CaO in basalt, and their mutual moderate positive correlation with immobile corundum (Al 2 O 3 ), implies alteration in the upper part of the volcanic pile did not result in substantial element mobility in most samples.
Geochemical data from mafic and felsic volcanic rocks plot mainly in the calc-alkaline field.
Thus, the OB is most prospective for hosting Au-rich VMS deposits and future exploration should focus on paleo-thermal corridors and favorable stratigraphic horizons near the newly inferred composite subvolcanic intrusion.
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Introduction
The Neoarchean Oaks Belt (OB) (Severson and Heine 2012 ) is a volcanic complex located in northwestern Minnesota (MN), USA, approximately 50 km south of the Canadian border (Fig.1a) . Situated in the westernmost extension of the Wabigoon Subprovince, volcanoplutonic rocks in the OB are on strike with the world-class Rainy River epithermal gold deposit (4 M Oz Au, 9 M Oz Ag; Hardie et al. 2014; Wartman 2011) in neighboring Ontario (ON), Canada (CN) (Fig. 1b, c) . The area was explored from the 1960's to the 1990's for volcanogenic massive sulfide (VMS) and orogenic gold deposits. Due to a thick layer of glacial overburden (~30-50 meters), and absence of outcrop, exploration targets were chosen from airborne and ground-based electromagnetic data. Drilling of fifty-five diamond and reverse circulation holes on these targets resulted in delineation of uneconomic pyrrhotite-pyrite deposits, iron formation, and semi-massive sphalerite mineralized zones.
Post -dating most exploration in the OB, state and federal geologic surveys acquired high-resolution aeromagnetic data in northern MN (Chandler 1991; Chandler et al. 2004 ).
Although these data have been used to supplement bedrock geologic mapping at the 1:250,000
scale (Day et al. 1994a; Day et al. 1994b; Jirsa et al. 2011 ), they have not been thoroughly analyzed in the OB to understand the regional and local geological setting.
The OB is interpreted to occur in the fault-bounded pressure shadow of a sigma-shaped wedge of volcanic and plutonic rocks that spans for 220 km across the MN-CN border. Drilling and aeromagnetic data from the area indicate several successions of base metal-poor massive sulfide deposits occur in an arcuate array overlying an inferred composite subvolcanic intrusion.
This subvolcanic intrusion is 19 km long, 3 km thick and approximately 60 km 2 in area. Based on D r a f t 4 heat and fluid modeling (Cathles 1983; Solomon et al. 1987; Schiffman and Smith 1988; Paradis et al. 1993; Hoy 1993; Cathles 1993; Yang et al. 1996; Cathles et al. 1997; Barrie et al. 1999b; Barrie et al. 1999a; Yang and Large 2001; Schardt et al. 2005) and empirical data (Galley 2003) the drilled massive sulfide deposits are too far away (6-10 km) from this inferred paleo-heat source to have been favorable sites for base metal deposition. Thus, an interpretation of volcanic stratigraphy and synvolcanic fault geometry has important implications for future mineral exploration in the area. This contribution combines historic drilling and geochemical data with analysis and modeling of aeromagnetic data to define the structural and stratigraphic architecture of the OB in Wabigoon terrane in MN. This interpretation is used to identify the most prospective areas for hosting VMS (±epithermal) base and precious metal deposits.
Methods
Aeromagnetic Theory
Scalar aeromagnetic data comprise both induced and remanent magnetic fields. Induced magnetism is caused by the earth's magnetic field and is mainly the result of the magnetic susceptibility of the rock. Magnetic susceptibility is expressed as a unit-less proportionality constant (calculated as the induced magnetization divided by the applied field strength) denoted by an International System of Units (SI), which reflects the susceptibility of a rock to become magnetized in the presence of a magnetic field. This susceptibility is mainly a function of the rock's magnetite content. In general, higher susceptibility rocks produce greater variability in magnetic amplitudes than low-susceptibility counterparts (Ford et al. 2008; Anderson et al. 2013 ; Table 1 ).The remanent component is a function of the magnetic, structural, and thermal history
of a rock and is not affected by the inducing magnetic field in which it is measured. In most cases, the induced component of the magnetic field is predominant.
Aeromagnetic Data and Modeling
Aeromagnetic data used for this study were collected by the United States Geologic Survey (USGS) and the Minnesota Geologic Survey (MGS) (Chandler 1991; Chandler et al. 2004 ). These data were gathered at ~200-400 meter line spacing at an average elevation of 150 meters above terrain using a proton precession magnetometer. Data from the study area was base-station corrected and leveled (Chandler 1991; Chandler et al. 2004 ). The corrected total magnetic field was reduced-to-pole (RTP) using the IGRF values and magnetic field inclination and declination from the dates of the individual surveys (Baranov and Naudy 1964; Blakely 1995; Chandler 1991; Chandler et al. 2004) . Following processing, the data set was filtered using derivative and upward continuation techniques to qualitatively understand the distribution and offsets in rock units. Original line and filtered data were gridded using the average of coincident points in a minimum curvature method. A cell size of 100 meters, an interior tension of 25, and exterior tension of 0 were applied.
2.5D forward and inverse modeling of aeromagnetic data was completed with Encom
ModelVision Pro software and started with upward continuation of the corrected data to 300 meters to reduce noise from shallow, high frequency magnetic sources. The background magnetic field was determined graphically as 59,440 nT and the magnetic field inclination and declination used for modeling were 76° and 5°, respectively. The lithology of rocks in the OB was determined from private company and government data (Severson and Heine 2012; Frey and Venzke 1991) . Previous drilling and geologic interpretation of the area constrained the geometry of rock units used for preliminary forward models. Inversion of the geologically controlled D r a f t 6 forward models in 2.5D was completed by sequentially freeing parameters of the magnetic sources (e.g. thickness, depth, and magnetic susceptibility) until an acceptable root-mean-square error (< 2.00 %) between observed and calculated data was reached.
Geochemical Data
Whole rock and trace element geochemical data were obtained from the Minnesota Department of Natural Resources Division of Lands and Minerals (MN DNR). The MN DNR compiled these data from internal studies (Frey and Venzke 1991) , the USGS (Klein 1988), and private companies. Whole rock geochemical data were used to classify volcanic and intrusive rocks as well as the magmatic affinity of mafic volcanic rocks (calc-alkaline or tholeiitic) (LeBas et al. 1986; Mullen 1983; Polat 2009 ). Trace element data were used to determine the ore potential of felsic volcanic rocks (Lesher et al. 1986 ).
Correlation coefficients (P values) were calculated using the Pearson product-moment method (Rodgers and Nicewater 1988) Correlation coefficients between major elements and metals comprising iron formation, chert and massive sulfides were used to qualitatively determine contributing sources (e.g. detrital material, hydrothermal fluids, seawater) (Cox et al. 2013 ) and hydrothermal fluid characteristics (i.e.
temperatures, oxidation state, and water depth).
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Geologic Setting
Stratigraphy
The stratigraphy of the Wabigoon subprovince in MN has been described from sparse bedrock exposure, scattered drill holes and aeromagnetic data (Ojakangas et al. 1977; Ojakangas et al. 1979; Southwick and Ojakangas 1979; Day et al. 1994a; Day et al. 1994b; Jirsa et al. 2011 ). Rocks in the more exposed regions of the Wabigoon subprovince in ON, CN have been summarized by Czeck and Poulsen (2010) , with a description of the main rock units taken from Davis et al. (1989) and Fralick and Davis (1999) ( event inferred from distortion of D 2 fabrics (Jirsa et al. 2011; Poulsen 1986; Davis et al. 1989; Tabor and Hudleston 1991; Poulsen 2000a; Druguet et al. 2008) .
In the Wabigoon terrane, D 1 resulted in recumbent folding that overturned the stratigraphic sequence and the first regional schistosity (Poulsen et al. 1980) . Although D 1 likely created significant thrust or oblique faulting, direct evidence for this is not possible due to lack of sedimentary marker horizons that allow recognition duplicated sequences of rock. However, early faulting is implied by the strain patterns, which are too low to account for the steeply dipping package of rock units (Schultz-Ela 1988; Hudleston and Schwerdtner 1997; Czeck and Poulsen 2010 ).
The second regional-scale deformation event (D 2 ) was associated with a northwestdirected, transpressional stress regime (Hudleston et al. 1988; Jirsa et al. 1992) . Offsets in rock units and rotation fabrics suggest that the D 2 kinematic sense was dextral (Hudleston 1976; Schultz-Ela and Hudleston 1991; Czeck and Hudleston 2003; Czeck and Poulsen 2010) . D 2 was responsible for folding and the penetrative foliation and lineation fabrics throughout the region.
Metamorphic grades achieved during D 2 range from lower greenschist facies to middle amphibolite facies. The D 1 to D 2 transition was not necessarily contemporaneous across the Rainy Lake region (Czeck and Poulsen 2010) .
Structural features that developed after the main metamorphic event (D 2 ) have been labeled as D 3 structures (Jirsa et al. 1992) . However, studies in the Quetico subprovince (Bauer 1985) indicate that D 3 was actually part of the late stage of D 2 (Peterson 2001) . Deformation during D 3 produced brittle northeast-and northwest-trending faults that offset metamorphic
The OB is composed of mafic to felsic volcanic and volcaniclastic rocks, massive sulfide deposits, iron formation and several types of intrusive rocks (Frey and Venzke 1991; Severson and Heine 2012) . Mafic volcanic rocks constitute the bulk of the stratigraphy in the OB and occur as pillowed basalts, massive flows and volcaniclastics. Intermediate volcanic rocks are almost exclusively feldspar-phyric tuffs and contain 20-30% mica and amphibole. Felsic volcaniclastic rocks vary from rhyolites to dacites and occur mainly near the stratigraphic top of the volcanic pile where they directly underlie massive sulfide and iron formation deposits. These highly siliceous rocks are mica-and amphibole-poor, and occur as both quartzphyric fragments and tuffs (Frey and Venzke 1991) . Massive sulfide deposits are pyrrhotite-rich and thickest near the top of the volcanic pile where they are stratigraphic equivalents to iron formation and chert.
Iron formation beds are typically intermixed with iron silicates and sulfides, and are up to one meter thick. These individual beds of iron formation occur as stacked lenses that span over 50 meters vertically through stratigraphy (Frey and Venzke 1991) . Chert is typically sulfidic, with pyrite and pyrrhotite as the main sulfide minerals. Intrusive rocks in the OB vary from millimeter-scale dikes and veins to meter-scale sills and dikes. They vary compositionally through ultramafic, pyroxenite, mafic, granodiorite, and granitic. Granodiorite dikes intrude mafic rocks, and are in turn cut by granitic dikes (Frey and Venzke 1991 ).
An interpretation of the volcanic stratigraphy of the OB was created (Fig. 3b ) by comparing aeromagnetic data to known lithologies defined by drilling data. An inferred subvolcanic intrusion underlies the volcanic pile in the OB and is here named the Lost Lake
Intrusive Complex (LLIC). This intrusion was inferred from the geometry of magnetic halos ( Fig. 5a , b) that represent high-temperature fluid interaction with surrounding rock (Galley et al. 2007 ). Other evidence for the presence of the LLIC is the distribution of the massive sulfide D r a f t deposits, iron-oxide layers, and felsic volcanic rocks. These rocks are more prolific over the eastern and western flanks of the inferred LLIC (Fig. 3b) , which is a modeled result of heat flow over the edges of subvolcanic intrusions (e.g. Barrie et al. 1999b 
Aeromagnetic Data
Structural Interpretation of Aeromagnetic Data
Pronounced linear lows in the aeromagnetic data indicate the OB is bound to the north by the Quetico fault and to the south by the Vermillion fault (Fig. 3, Fig. 4 ). The geometry of regional faults suggests the OB occurs in a pressure shadow of a regional-scale sigma-shaped wedge of volcano-plutonic rocks and the kinematic sense for D 2 -D 3 was dextral. This structural block, here named the Rainy River Block (RRB), strikes ~220 km E-W and tapers from ~30 km thick in the central portion to less than 5 km at its edges. Internally, the RRB is cut by several NE trending faults or shear zones that are reminiscent of S-C fabric (Fig. 4) . Iterative upward continuation filters of the RTP aeromagnetic data to increasing heights retain the regional fault lineations, suggesting they continue to considerable depth High-angle synvolcanic faults in the OB were inferred from breaks and/or offsets in magnetic anomalies (Fig. 5) . Since the entire succession of rocks in the OB is interpreted to be overturned and steeply north-dipping, the current map represents an approximate inverted cross-D r a f t section of the volcanic complex. Inferred synvolcanic faults are N-S trending and occur in an arcuate array over the LLIC as upper and lower sets (Fig. 5) . These upper and lower sets of synvolcanic faults likely represent two cycles of volcanism with associated extension. There is a close spatial association between inferred upper cycle synvolcanic faults and known base metalpoor massive sulfide deposits in the OB (labeled MS on Fig. 5a, b) . Inferred lower cycle synvolcanic faults are also associated with magnetic anomalies overlying the center of the LLIC that are similar to those associated with massive sulfide deposits and iron formation layers in the upper cycle. Magnetic strata closely associated with these lower cycle synvolcanic faults are interpreted as focused paleo-fluid pathways and thus the most prospective for hosting VMS deposits in the OB (Fig. 5 ).
Filtered Data in Map View
The RTP transformed data effectively outline the LLIC, magnetic massive sulfide (MS)
horizons, iron formation, the OI and OIS (Fig. 5a ). The second-vertical derivative (SVD) of the RTP magnetic field in the OB further constrained the magnetic halos (MH) surrounding the LLIC (Fig. 5b) . The SVD filter also highlights shallow magnetic anomalies overlying the LLIC.
Especially strong SVD anomalies represent known massive sulfide and iron formation deposits.
Several SVD highs similar to the geologically constrained anomalies occur down-section and closer to the LLIC.
Upward continuation filtering of magnetic data in the OB to 1, 2, 3, and 6 kilometers demonstrates the progressive geometry of magnetic bodies at depth. The upward continuation filter calculates the magnetic response of sources that are approximately one-half as deep as the upward continuation distance (i.e. an upward continuation to 6 km calculates the magnetic D r a f t response of sources deeper than 3 km) (Jacobsen 1987) . Shallow SVD highs are removed by the 1 or 2 km upward continuation (Fig.5c, d ). The thicker massive sulfide deposits (and/or iron formation) are present in the data up to the 3 km upward continuation (Fig. 5e ) but largely disappear in the 6 km continuation (Fig. 5f ). The OI is the most magnetic body in the OB, and is easily seen in all upward continuation iterations. The magnetic response migrates north from the shallow parts of the magnetic sources during iterative upward continuation (Fig. 5c, d , e, f) which suggests the rocks are steeply north-dipping.
Filtered Data in Cross Section
Derivative and upward continuation filtering of individual line data was completed on three sections-A-A', B-B', and C-C' (shown on Fig. 3b, Fig. 5 ) -that are representative of the stratigraphy of the volcanic pile and the underlying subvolcanic intrusion (Fig. 6 ). The LLIC shows internal magnetic heterogeneity and is thicker in the west (A-A') than in the east (C-C').
Massive sulfide and iron formation in in the upper part of the volcanic pile are highly magnetic, reaching amplitudes over 1500 nT. Derivative filtered data sharply enhance the known massive sulfide deposits and the upward continued data suggest they continue at depth. Importantly, these data in B-B' outline a magnetic high that likely represents massive sulfide or iron formation lenses closer to the upper contact of the LLIC (Fig. 6 ).
Forward and Inverse Modeling
Simple forward and inverse models of magnetic data on sections A-A', B-B', and C-C' were used to define the 2.5 dimensional geometry of the rocks in the OB (Fig. 7) . Modeling of aeromagnetic data is inherently ambiguous, as multiple magnetic sources can produce the same magnetic signature. However, geologically constrained modeling (as used in this study) 
Geochemical Data
Minor element geochemical analysis of mafic volcanic rocks indicates they are mainly calc-alkaline, with some samples plotting as tholeiitic (Fig. 8a) Mafic intrusive rocks in the OB plot mainly as basalt (gabbro), but intrusive rocks logged as granodiorite (Frey and Venzke 1991) plot in the rhyolite (granite) field (Fig. 8d) . Whole rock geochemical data from intrusive rocks display a strong bimodal distribution (Fig. 8d ) that is correlative to data from volcanic rocks, indicating they represent the intrusive sources of the volcanic pile.
In massive sulfide deposits Zn is typically the most enriched, followed by lesser Cu and sporadic Pb. Au is locally elevated to ore-grade values (>1 ppm). Statistically significant correlation coefficients between metals in massive sulfide deposits show that Cu, Pb, and Ag are strongly correlated and Ag and Zn are moderately correlated (Table 4) . (Cox et al. 2013) . Correlation coefficients of metals in iron formation and chert indicate Cu is positively correlated with Pb, Zn, and Ag, and negatively correlated with Au (Table 6 ). These statistically significant correlation coefficients are similar to data from massive sulfide deposits in the OB, corroborating drill data that suggests they were deposited contemporaneously.
Discussion
Drilling and aeromagnetic data indicate the OB occurs in the southwestern pressure shadow of a regional-scale sigma-shaped wedge of volcanoplutonic rocks. Critically, this structural setting implies the belt did not suffer high strain that would have destroyed VMS deposits during deformation. At the scale of the OB, aeromagnetic data suggest a composite subvolcanic intrusion (Lost Lake Intrusive Complex (LLIC); Fig. 3b, Fig. 5 ), roughly 60km 2 in area, provided the heat source for fluid circulation to generate the large, base metal-poor massive sulfide deposits and iron formation identified by drilling data. The massive sulfide deposits and iron formation layers are most common over the edges of the inferred LLIC, which is a modeled result of heat flow above the edges of subvolcanic intrusions (e.g. Barrie et al. 1999b ). Inferred synvolcanic faults were zones of focused paleo-heat and fluid flow over the edges and the center of the LLIC that controlled the location of massive sulfide deposits. 2.5D forward modeling of aeromagnetic data confirm interpretations from drilling data that rocks in the OB form a northdipping homocline. 
Implications for Exploration
Galley (2003) Although exploration targets have been identified in this study (Fig. 3b) , they are 3-4 km above the upper contact of the LLIC making them marginally prospective for hosting economic Zn-Cu VMS deposits based on empirical data (Galley 2003 ) that suggests most base metal-rich deposits occur with 2 km of the upper contact of associated subvolcanic intrusions. However, modeled and real subvolcanic intrusions in VMS systems are generally 1-2 km thick, and result in high temperature fluid flow capable of sustaining copper and zinc in solution for roughly 2 km above the intrusion (e.g. Schardt et al. 2005) . As the LLIC is ~3 km thick, it may have produced more heat, allowing Cu and Zn to remain in solution until reaching cool seawater, or a permeable sub-seafloor horizon, for longer distances (3-4 km).
Alternatively, the OB could be more prospective for hosting Neoarchean lowsulphidation epithermal deposits similar to the nearby Rainy River gold deposit (RRGD) (Wartman 2011) . However, mafic rocks at the RRGD are tholeiitic and felsic rocks are exclusively FI type (Wartman 2011) , suggesting rocks in the OB and rocks hosting the RRGD are not petrogenetic equivalents. In addition, the style of mineralization in the OB (i.e. ubiquitous pyrrhotite-rich massive sulfide and iron-oxide-rich deposits) suggests it was fundamentally different from mineralization that affected rocks at the RRGD (i.e. pyrite-rich and relatively diffuse gold mineralized zones).
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Available data suggest the OB is most prospective for hosting Au-rich VMS deposits (2014) suggested that a separate subvolcanic intrusion was associated with the world-class LaRonde and Bousquet Au-rich VMS deposits, but was not preserved during deformation.
Geochemically, Au-rich VMS deposits are often (but not always) hosted by FII (±FI) felsic volcanic rocks that are calc-alkaline to transitional and therefore genetically correlative to rocks in the OB. Hydrothermal fluid characteristics inferred from metal assemblages and correlation coefficients between metals from massive sulfide deposits and iron formation in the OB more closely resemble those envisioned for Au-rich VMS systems than base metal-rich ones (Dubé et al. 2007) . Although confirmation of these correlations requires more robust analyses of volcanic rocks in the OB, the available geochemical data combined with the geological and geophysical interpretations provided in this study suggest future exploration in the OB should focus on identifying Au-rich VMS deposits over the center and western edge of the LLIC, within 4 km of its upper contact (Fig. 3b) .
Conclusions
D r a f t
The OB is composed of a bimodal mafic-dominated suite of volcanic rocks that are overturned and steeply north-dipping. The volcanic pile is ~6-8 km thick and underlain by a large (60 km 2 ) inferred composite subvolcanic intrusion. Known base metal-poor massive sulfide deposits are underlain by felsic volcanic rocks and are more prolific at the top of the volcanic pile and over the flanks of the subvolcanic intrusion. The structural setting, petrogenesis of volcanic rocks, and hydrothermal fluid characteristics inferred from metal assemblages and correlation coefficients are analogous to volcanic systems that host Au-rich VMS deposits. Heat and fluid models indicate the known massive sulfide deposits in the OB are too far away from the inferred subvolcanic intrusion to have been favorable sites for metal deposition. Therefore, future exploration should focus on paleo-thermal corridors and favorable stratigraphic horizons identified in this study, which are near the inferred subvolcanic intrusion and more likely to host economic Au-rich VMS deposits.
Further study is required to constrain the paleotectonic setting and geochronology of volcanic and intrusive rocks, and massive sulfide and iron formation deposits in the OB.
Geochemical data useful for developing a geodynamic interpretation (trace elements, REE patterns, Nd isotopes, etc.) can be generated from existing drill core. However, new drill holes and geochronology are necessary to constrain the genetic relationship between the inferred subvolcanic intrusion, volcanic rocks, and massive sulfide deposits. In addition, rock property studies and a gravity survey would significantly improve the model of aeromagnetic data presented in this study. Table 2 Major lithologic units of the Wabigoon subprovince in Canada that are on strike with the rocks in the study area (data from Davis et al. (1989), Fralick and Davis (1999) , and Czeck and Poulsen (2010) ).
Rock Type Description
Keewatin Group calc-alkaline and tholeiitic metavolcanic rocks
Occur as interlayered sequences of ultramafic to felsic rocks, with basalts and andesites most common. Geochronology indicates crystallization ages range from 2728±3 to 2725±2 Ma.
Metagabbroic (with metadolerites and metaanorthosites)
Occur as sills and large intrusions that generally have compositional and textural layering. These include the Seine BayBad Vermillion Complex (2728±2 Ma for the trondhjemitic Mud Lake component) and the Grassy Portage Sill (2727±2 Ma).
Gneisses
Most commonly occur as orthogneiss. They correspond to synvolcanic plutonic rocks aged at 2725±2 Ma that range from granitic to tonalitic compositions. These rocks are from the central core at the Rice Bay dome as well as gneisses near Black Sturgeon Bay.
Couchiching Group metasedimentary rocks
Located south of the Quetico Fault and north of the Rainy LakeSeine River Fault. The age of this package of metasediments is bracketed between 2692±2 and 2704±3 Ma by a zircons in crosscutting intrusions. Metagreywackes and metapelites comprise the majority of this package and locally contain porphyroblasts of andalusite, staurolite, and garnet.
Quetico metasedimentary rocks
Interpreted as deformed turbidite sediments located south of the Rainy Lake-Seine River Fault. The youngest analyzed detrital zircon yielded an age of 2699±1 Ma.
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Seine River Group metasedimentary rocks
Deposited contemporaneously with Couchiching metasedimentary rocks, with a bracketed depositional age of 2693±1-2692±1 Ma, (Fralick and Davis 1999) . This group formed as a molasse basin-fill unit (Corcoran and Mueller 2007) that also includes the Seine River conglomerates (Wood 1980; Frantes 1987; Czeck 2001; Czeck and Fralick 2002; Czeck and Hudleston 2003; Fissler 2006; Czeck et al. 2009; Czeck and Poulsen 2010) .
Algoman calc-alkaline granitoids
Occur as poorly deformed granite, granodiorite, and quartz monzonite rocks in discrete plutons. Previously interpreted as post-kinematic, their age was used as a marker of the end of regional deformation (Davis et al. 1989; Poulsen 2000a ). However, field relationships, anisotropy of magnetic susceptibility, microstructural analysis, and gravity inversion techniques suggest these plutons formed syntectonically (Czeck et al. 2006) .
Table 3
Statistically significant Pearson product-moment correlation coefficients of major elements comprising mafic volcanic rocks in the OB (data used for calculations were from Frey and Venzke (1991) Table 4 Statistically significant Pearson product-moment correlation coefficients of metals in massive sulfide deposits (data used for calculations were from Frey and Venzke (1991) and Klein (1988) Table 5 Statistically significant Pearson product-moment correlation coefficients of major elements comprising iron formation and chert in the OB (data used for calculations were from Frey and Venzke (1991) and Klein (1988) Table 6 Statistically significant Pearson product-moment correlation coefficients of metals in iron formation and chert (data used for calculations were from Frey and Venzke (1991) and Klein (1988) Profiles of magnetic data on cross sections A-A', B-B', and C-C'. The location of these cross section lines is shown on Fig. 3b and Fig. 5 . The location of massive sulfides and iron formation (MS), the Lost Lake D r a f t
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Intrusive Complex (LLIC), magnetic halos (MH) surrounding the LLIC, the Oaks Intrusion sill (OIS), and faults (FLT) are labeled on residual magnetic field data plots.
Fig. 7
Forward and inverse models of the residual magnetic field upward continued to 300 meters. Data are from the same lines shown in Fig. 6 . The location of these cross section lines are shown in Fig. 3b and Fig. 5 .
Drilling data corroborate that rock units are steeply north dipping. 
